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This thesis documents the design and development of a robust
backpackable proof-of-concept unmanned aerial vehicle. The unmanned
aerial vehicle’s design departs from existing configurations in utilizing a
keel beam fuselage which replaces the enclosed fuselage by a flat keel
beam on which the sensors, the autopilot, their related power sources,
and flight control systems are mounted.

The keel beam fuselage is

provides enhanced mounting capability for multiple sensors and quick
reconfiguration in the field.

The keel beam fuselage can also be

manufactured quicker than a traditional enclosed fuselage. The objective
of this study is to demonstrate that the keel beam configuration is a viable
design for an unmanned aerial vehicle and the challenges of modular,
plug-n-play hardware. The design, fabrication, and flight testing of the air
vehicle are addressed.
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CHAPTER I
INTRODUCTION
Mississippi Science and Engineering Technology (MI SET), the
sponsor for this research, established the general mission need for a small
unmanned aerial vehicle (UAV) as follows:
The UAV will provide wide area as well as pin point intelligence,
surveillance and reconnaissance (I SR) to the supported unit or a
dismounted warrior. These typical missions are basic and non-inclusive –
(commanders
requirements).

will

employ

the

system

to

meet

their

particular

The UAV can be used before, during and after an

operation to obtain information on the objective, route of movement and
disposition of forces, to maintain control of friendly units, and to obtain
battle damage assessments. I n a defensive mode, the UAV can observe
likely avenues of approach and augment observation posts. The UAV can
also be used to provide defensive assessments on the unit's camouflage
and concealment as well as when the potential for enemy contact is high,
to increase the patrol's area of coverage and to provide additional security
for the patrolling force.
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Recent military conflicts in Bosnia, Afghanistan, and I raq have
made the average person aware of the capabilities of unmanned aerial
vehicles (UAVs). Surveillance operations employed by warring factions are
an age-old problem. Balloons were used during the Civil War to help the
battlefield commander identify troop movements of opposing forces.
Current day UAV concepts such as the Predator and Global Hawk carry
very sophisticated sensor packages and offer a wide range of operation
due to their mobility, but are costly to operate and require an extensive
support network. Today’s battlefield commander and those in charge of
border patrol and customs efforts need a low-cost, simple UAV to support
specific organizational mission requirements.
The key characteristics of this class of UAV would be ease of
assembly in the field, minimum operational crew, ability to take-off and
land from unprepared or minimally prepared surfaces, and the capability
to be operated without a trained pilot in the loop for guidance and control.
This type of UAV lends itself to a “back-packable” configuration, where the
airframe can be broken down to fit in a backpack. In addition, this UAV
should be designed for maximum payload for vehicle size and weight and
have very low acoustic, infrared (IR), and radar signatures. Because of the
small size of this UAV (5 to 11 pound total gross weight), a low observable
configuration is achieved with very low infra-red, radar, and acoustic
signatures.
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The proposed design of the UAV uses a keel beam or profile type
fuselage configuration.

The keel beam configuration is a simple

configuration for manufacturing. A sheet of laminated composite is laidup and the shape of the fuselage of the air vehicle is cut using a computer
numerical control (CNC) milling machine. With a keel beam configuration,
the sensors can be changed quickly while in the field. Multiple sensors
can be installed since one is not limited by fuselage volume and multiple
missions can be flown during one flight sortie.

CHAPTER II
OVERVIEW OF UNMANNED AERIAL VEHICLES
A Brief History of Unmanned Aerial Vehicles
As defined in the Department of Defense Joint Publication 1-02,
“DOD Dictionary of Military and Associated Terms”, an unmanned aerial
vehicle or UAV is “A powered, aerial vehicle that does not carry a human
operator, uses aerodynamic forces to provide vehicle lift, can fly
autonomously or be piloted remotely, can be expendable or recoverable, and
can carry a lethal or nonlethal payload. Ballistic or semi-ballistic vehicles,
cruise missiles, and artillery projectiles are not considered unmanned aerial
vehicles. Also called UAV.”11
The unmanned aerial vehicle has been around since World War I
with the first successful flight of a Curtis-Sperry Aerial Torpedo (Figure
2.1) on 6 March 1918.

The Curtis-Sperry Aerial Torpedo was

“programmed” to fly at least 1000 yards and then dive into the water off
the coast of Copiague, Long I sland, New York.

This early UAV was

designed to carry a 1000-lb bomb, have a range of 50 miles, and a top
speed of 90 mph. The air vehicle was designed by The Curtis Aeroplane
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and Motor Company and used a gyrostabilizer, which consisted of
gyroscopes for the three aircraft axes (pitch, roll, and yaw), designed by
Elmer Sperry1.
A second UAV designed during the First World War was the Liberty
Eagle, also known as the Kettering Bug (Figure 2.2), of the Dayton Wright
Airplane Company.

The Liberty Eagle was designed by Charles F.

Kettering. I t used gyroscopes from Elmer Sperry and a pneumatic and
electrical flight control system to guide the airplane to its target 50 miles
from its takeoff point.

The Liberty Eagle, like the Curtis Sperry Aerial

Torpedo, used Sperry’s gyroscopes to maintain stability of the airplane.
However, the altitude was controlled using an aneroid barometer, unique
pneumatic (vacuum), electrical, and mechanical flight control system and
a count-down counter to determine when the airplane reached the desired
range. At this point, the control system would shut off the engine and
dive the airplane unto the target1.
The first massed produced remote-controlled or radio-controlled
UAVs were the RP-4 (Figure 2.3) through to the RP-18 series of aircraft.
These were produced by the Radioplane Company for the U.S. Army Air
Corp and later for the U.S. Army Air Forces. They were used as aerial
targets for the U.S. military gunners2.
The German V-1 “buzz” bomb used during World War I I

is

technically a cruise missile. However, the V-1 shares some attributes with
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target drones: rocket-assisted takeoff from a rail system and programmed
to fly a specific trajectory. After launch, the autopilot was engaged and
guided the air vehicle to its detonation point.

When the air vehicle

reached the target, it would dive to the target1.
The next big push for UAVs was during the Vietnam Conflict. UAVs
were used for reconnaissance such as the Ryan AGM-34. The Ryan BQM34A (Figure 2.4), a variation of the Ryan Model 147, was used as a target
drone2. One other noteworthy UAV of the Vietnam era was the GAM-72 or
ADM-20A Quail (Figure 2.5).

I t was used as a decoy.

The Quail was

designed to have a radar cross section like a B-52 so that the surface-toair missiles would hit the decoys instead of the B-52s.
Other countries have UAVs as part of their military inventory. Israel
used UAVs as reconnaissance aircraft during the Yom Kippur War of 1973
and decoys and reconnaissance aircraft during the 1982 Lebanon War3.
The I sraelis have developed a number of Miniature Aerial Vehicles MAVs
for civilian operation.

The United Kingdom’s interests in UAVs started

about the same time as the United States’.

Early attempts of a radio-

controlled UAV started in 1924 with an air vehicle that flew for 39 minutes
and speeds of up to 100 mph under remote pilot control3.
Today, public awareness of UAVs has been increased by the events
in Afghanistan and I raq.

The American public generally knows about

Predator and Global Hawk. The Predator resides in the tactical class of

UAVs and the Global Hawk in the endurance class of

UAVs4.
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However, the

class of UAVs addressed by this paper is the mini class. MAVs typically
are the UAVs that weigh 50 pounds or less.

They are typically hand

launched but some models are launched using a catapult launch
apparatus.
Conventional Miniature Aerial Vehicle
There are at least five (MAV) operational today in the U.S. military5.
These are the Pointer (Figure 2.6), Raven (Figure 2.7), and Dragon Eye
(Figure 2.8) all by Aerovironment, the Javelin (Figure 2.9) by BAI
Aerosystems, and the Desert Hawk (Figure 1.10) by Lockheed Martin.
These UAVs are all similar in design and construction. The configuration
of the Pointer and Javelin is wing-body-tail configuration. Of the five, the
Javelin is the only one with an internal combustion engine.

The

propulsion system for the other UAVs is a battery-powered electric motor.
The fuselage of each UAV is the conventional enclosed type with the
sensors inside the fuselage. Whereas this design is common throughout
the UAV industry, the design does limit to the size and number of sensors
one can place in the fuselage due to the inherent small size of the
fuselage. The enclosed fuselage also limits the number of batteries or size
of fuel tanks.
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Unconventional Mini-UAV
Although according to Reference 5, there are only 5 miniature
unmanned aerial vehicles (MAV) operational at the present, there are
several MAVs in the development stage.

The majority are of the

conventional wing-body-tail configuration. But, the configuration of the
others includes a delta-wing with no tail, flying wings, tail-sitting vertical
takeoff and landing, ducted fans, and tube launched. All of these designs
have enclosed fuselages5.
Fabrication Materials and Processes
The fabrication materials of choice for MAVs are the advanced
composites materials including graphite, fiberglass, and Kevlar®.

The

major advantage of these materials is their high specific strength and
stiffness. In the wet lay-up process, one places the dry fibers in the molds
and wet out the fibers with resin. In the prepreg lay-up process, the resin
is pre-impregnated into the fibers. The prepreg fibers are then placed into
the mold.

Because the resin is already a part of the material for the

prepreg process, the number of manhours is reduced and the prepreg
process is a cleaner process than wet lay-up. A disadvantage with prepreg
materials is the requirement that they be cured at an elevated
temperature. Depending on the resin system, the wet lay-up material can
be cured at room temperature, albeit, with a longer cure time.
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The structural design used in MAVs is either solid laminate or
sandwich construction monocoque design. The fuselages of most MAVs
are hollow shells for storage of sensors, engines, and batteries.

This

configuration tends to be thin-shelled solid laminates for the small miniUAV or facesheets with foam core for the larger mini-UAV. Because of the
volume of the enclosed fuselages, one is limited to the size and shape of
the sensor that will go onboard the air vehicle.
Autopilots
With the miniaturization of gyroscopes, accelerometers, pressure
transducers,

etc.

using

MicroElectroMechanical

technology, autopilots can be sized for MAVs.

Systems

(MEMS)

These autopilots are

generally single board units with 3-axis accelerometers, 3-axis gyroscopes,
static and dynamic pressure transducers for measuring altitude and
airspeed, and microprocessors for processing the data. Some autopilots
have an integrated Global Positioning System (GPS) unit on the autopilot
circuit board or the autopilot can interface with a GPS board.

For

measuring magnetic heading instead of relying on GPS heading, some
autopilots can either interface with a 2-axis magnetometer or a 2-axis
magnetometer.

One thing these small autopilots have in common is a

servo control board.

This allows the autopilot to control the radio-

controlled (R/C) type servos that are used on most MAVs.

CHAPTER III
DESIGN STUDY
The proposed configuration of a keel beam type fuselage was
compared to the traditional enclosed fuselage.

This study looked at

modular architecture (the ability to add multiple sensors to one vehicle),
drag, and stiffness.
Modular Architecture
UAVs in the Shadow 200 (Figure 3.1) class and larger have enough
volume to install multiple sensors so that the air vehicle can fly different
missions during one sortie. For smaller UAVs, this is not the case. This
limitation is due to the lack of volume of the enclosed fuselage for small or
MAVs.

The

proposed

sensors,

i.e.

electro-optical,

infra-red,

chemical/biological sniffers, etc., used on the proposed UAV are small
enough to fit within hand-launched MAVs.

However, because of the

limited volume on can be used only one sensor per mission. The Dragon
Eye UAV (Figure 2.8) has modular sensors that can swapped as part of the
nose of the air vehicle, but only one sensor can be used at any given time.
Along with sensors, power sources (batteries) for the sensors must also fit
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in the fuselage. MAV batteries are generally lithium-polymer because of
their low weight compared to other batteries, i.e. nickel-metal hydride or
nickel-cadmium.

Along with the sensors and batteries, the autopilot

hasto fit in the fuselage with its power source. (Note: Sensors and the
autopilots may be powered from the same source.)
Drag
I n a traditional type fuselage, i.e. enclosed, the sensors do not
contribute directly to aerodynamic drag.

However, with a keel beam

fuselage, the aerodynamic drag is increased due to the profile exposure of
the sensors, batteries, servo-actuators, and fuel tank (if the engine is not
electric powered).
A comparison of drag, using techniques from Hoerner6, of a typical
enclosed fuselage, the keel beam fuselage, and keel beam fuselage with
cylinders was performed (Table 3.1). The keel beam, modeled as a flat plat
without any attached sensors, has the lowest drag.

However, with the

addition of sensors to the keel beam, the drag of the enclosed fuselage is
the lowest.

Because the chosen powerplant is sized to provide enough

thrust to allow the MAV to be hand launched. This class of UAV generally
has enough thrust to overcome the additional drag of the sensors in the
air stream.
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Stiffness
Another concern of going to a keel beam configuration is stiffness.
An enclosed fuselage of typical MAVs is a monocoque structure where the
fuselage skin carries some of the load typically shear. The enclosed box
structure design is inherently stiff.
Although

no

detailed

structural

analysis

was

performed,

a

composite sandwich structure, based upon practical experience, was
deemed adequate to provide the necessary stiffness of the keel beam given
the small amount of vertical tail load that the air vehicle would encounter.
Even so, stiffness was a factor to note during flight testing.
I n summary, the advantage with going to a keel beam type
configuration is that one is not limited by the volume of the fuselage. The
sensors, batteries, autopilot are all mounted on either side of the keel
beam.

Multiple sensors (Figure 3.2) can be mounted on fuselage for

multiple missions. Configuration slots can be cut in the beam so that the
sensors can only be mounted in one place. This is part of the plug-n-play
and modular architecture concept. The soldier in the field just matches
the shape of the sensor to the shape of the slot in the fuselage.
The advantages of the keel beam design are its modular architecture
and quicker field reconfiguration. With this design the sensors can easily
be installed on the fuselage with very little effort from the soldier in the
field.

I n addition, this type of fuselage style allows one air vehicle to
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perform multiple missions. The soldier can carry numerous sensors, e.g.
electro-optical camera, I R camera, RF detector, NBC sniffer, etc., and
install any on the fuselage provided there is a cutout for the sensor. With
an “enclosed” fuselage, the soldier is limited to the number of sensors
he/she can install or the number of different missions he/she can fly.

CHAPTER IV
DESIGN OF A BACKPACKABLE UNMANNED AERIAL VEHICLE
Design Requirements
The UAV design requirements, established by Mississippi Science
and Engineering Technology (MISET), are shown in Table 4.1. The design
constraints used for preliminary sizing are listed in Table 4.2.
Keel Beam Fuselage Concept
Traditionally, the fuselage of an aircraft is an enclosed body
surrounding the occupants or, in the case of a UAV, onboard systems.
The keel beam design is a flat sheet of material, in this case, a composite
sandwich construction, cut to shape using a computer numerical control
(CNC) milling machine. The conceptual keel fuselage of the UAV is shown
in Figure 4.1.
Aerodynamic Design of the UAV
The UAV was designed using methods and equations outlined by
Raymer7 and Stinton8.

The detailed equations are presented in the

MathCAD© sheet in Appendix A.

These equations in many cases are

based on empirical data for full scale aircraft. Despite the lack of design
14

tools9
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in the low Reynolds number regime appropriate for MAVs the full

scale reference design methodology was judged appropriate for the design
considered in this thesis.
A wing aspect ratio of five was chosen to allow for a short wing that
could fit in a backpack. A moderate wing loading for this aircraft this size
was assumed.

Thus, the designed wing had a wing area of S = 3.392

square feet and a wing span of b = 4.11 feet.

The full geometric

description of the wing is presented in Table 4.3.
The chosen planform of the wing was a non-swept constant chord
wing. This shape allows for ease in manufacture.
The airfoil chosen was the Selig-Ashok SA7036-TE-mod. This airfoil
exhibits good aerodynamic characteristics in the low Reynolds number
regime compared to the National Advisory Committee for Aeronautics
(NACA) airfoils. This was determined using Profili Pro 2.0 airfoil analysis
program. The maximum lift coefficient is 1.6. The maximum thicknessto-chord ratio is 14% located at the 28.9% chord, the maximum camber
ratio is 3.16% located at the 40.9% chord.

The aerodynamic

characteristics of the airfoil presented in Figure 4.2 were determined using
Profili Pro 2.0. This shows that the airfoil exhibits a gentle stall behavior
and a flat pitching moment over the operating range of the airfoil. The
airfoil also has low drag at the design angle of attack.
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The airfoil for the horizontal tail was the NACA 64-010-TE, which is
a basic NACA 64-010 airfoil with thickness added to the trailing edge.
This is a symmetrical airfoil so the pitching moment is zero.

The

aerodynamic characteristics, using Profili Pro 2.0, are shown in Figure
4.3. The horizontal tail area is 0.75 square feet, span is 1.62 feet. The tail
length is 2.582 feet. The tail length was determined using Table 11.4 in
Stinton. Table 4.4 lists the geometric parameters for the horizontal tail.
The vertical tail is part of the keel fuselage for ease of
manufacturability. Hence, its airfoil is a flat plate. Using the data for
vertical tail surface area to wing area in Table 11.4 in Stinton, the vertical
tail area is 0.44 square feet. The geometric parameters for the vertical tail
are shown in Table 4.5.
The fuselage length is 51 inches. The shape of the fuselage shown
in Figure 4.1 was to ensure adequate area for mounting the sensors,
radio-control flight control system, the engine, wing, and horizontal tail.
Performance Estimation of UAV
The zero-lift drag or basic drag of the UAV is calculated to be 0.0296
and lift-to-drag ratio is 10.543 using the methods from Raymer.

At a

gross weight of 8 pounds, a cruise speed of 45 mph, and a propeller
efficiency of 0.7, the power required for flight is 0.1332 horsepower. The
required thrust for cruise is 1.13 pounds. The minimum drag required is
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0.7364 pound at minimum drag speed of 38.14 mph. The drag polar of
the UAV is shown in Figure 4.4 and the power polar is show in Figure 4.5.
To provide adequate thrust for takeoff and overcome the drag of the
sensors, a Magnum XL-120 engine, provides 3.95 horsepower was chosen.
The propeller recommended by the manufacturer of the engine is a 15
inch in diameter and 6 inch in propeller pitch (15 x 6).
Static Stability Estimation of UAV
The UAV was predicted to be statically stable longitudinally,
laterally, and directionally.

The static stability parameters were

determined using methods presented in Reference 10. The neutral point
is 52.5% wing chord. Based on the neutral point location and the center
of gravity being located at the quarter-chord of the wing, the static margin
of the UAV was determined to be 27.5%.

The pitching moment with

respect to angle of attack coefficient is -1.132 per radians. The UAV was
predicted to be directionally stable with a positive yawing moment with
respect to sideslip angle equal to 0.297 per degree. For lateral stability,
the UAV was predicted to be stable with a negative rolling moment with
respect to sideslip angle equal to -0.0811 per degree.

CHAPTER V
FABRICATION OF UAV
Fuselage Fabrication
The fuselage of the UAV was fabricated using Toray Composites
T700S-12K-50C/#2510 250oF Cure Plain Weave Fabric of Prepreg Carbon
Fiber and Epoxy Resin and 0.125 inch thick Divinycell PVC foam core.
The structure was sandwich construction with the facesheets comprised of
three layers of fabric [0, 45, 0]T on either side of the PVC core.

The

fuselage shape was cut using the Raspet Flight Research Laboratory’s
Arboga multi-axis milling machine. The cutouts for the wing, servos, and
engine also cut using the Arboga. Figure 5.1 shows the fuselage after it
has been cut from the main sheet.
Wing and Horizontal Tail Fabrication
Both the wing (Figure 5.2) and the horizontal tail were fabricated
from Dow Chemical blue Styrofoam and lightweight fiberglass.
Styrofoam core was hot-wired to shape.

The

The spar for the wing was

fabricated using one layer of plain weave carbon fiber and the spar for the
horizontal tail was 0.25 inch carbon tube.
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Both the wing and the
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horizontal tail were fabricated using the wet layup fabrication method.
This process consists of placing the dry fibers in the mold or in this case
around the Styrofoam core and wetted out with epoxy resin.

The

horizontal tail is an all-moving tail or stabilator. A ball bearing, the pivot
point of the stabilator, was epoxied in the fuselage and the carbon spar
was passed through it.
Components
The control surfaces are driven by four RC-type servos: 2 Hitec HS77BB low-profile servos and 2 Futaba S3004 servos.
controlled by one Hitec HS-77BB low-profile servo.

The throttle is

The radio control

system is a Futaba 9CA transmitter with 9-channel Futaba R149DP
receiver operating on channel 20 or 72.190 MHz. The fuel tank capacity is
14 fluid ounces.
Assembled UAV
The wing is attached to the fuselage using carbon fiber and epoxy
resin. Holes for the servos and engine were cut using the Arboga. The
servos and engine are attached to the fuselage using machine screws. The
fuel tank, receiver, and batteries for the receiver are attached using
surelock velcor-type fastener.

The fuel tank, receiver, batteries, and

control push-pull rods are on or facing the same side. This frees up the
opposite side of the fuselage for sensors and their associated power
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sources. Photographs of the complete UAV are presented in Figures 5.3 –
5.6. Figure 5.7 shows the operator holding the UAV in launch mode. The
assembled UAV has an empty weight of 5.5 pounds. The total weight is
6.16 pounds. This was without any sensors.

CHAPTER VI
FLIGHT TESTING OF UAV
A flight test was conducted to prove the flight worthiness of the keel
beam UAV concept. Only one flight was accomplished during this study.
Vehicle system and airframe checks were performed.

The empty

center of gravity was verified and marked on the wingtip section. The C.G.
was checked a second time with a full load of fuel. A system check was
performed ensuring that all controls were fully operational, including an
RF range test from the transmitter to the aircraft receiver. The airframe
structure, hinge-lines, and motor mount were reviewed checking for
construction and material adhesive flaws.

The low-end and high-end

mixtures were adjusted for a low idle, slightly rich high end, and a smooth
transition. The range test met the manufacturer specifications, the C.G.
was in the desired location, and all flight controls were operating in the
proper direction.
The proof-of-concept model of the UAV was tested at Mississippi
State University’s North Farm. The UAV was successfully hand-launched
(Figure 6.1).

The aircraft had superior control authority and recovered
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well from a lag in power immediately following launch release (Figure 6.2).
One lap was flown to trim the aircraft. Slight elevator and rudder trim
were required to achieve level flight. Two more laps were flown as photo
passes (Figure 6.3 and Figure 6.4) to ensure the flight was successfully
captured by the video camera.

Throughout the flight, no vibration or

bending tendencies were noted.

On the fourth pass, the vehicle was

slowed to maintain a reasonable glide slope down to a landing. During the
lower speeds, the aircraft was slightly pitch sensitive due to high gain in
the elevator control of the radio control transmitter (Figure 6.5) but
maintained control authority without stall at high angles of attack.
For subsequent flights, the control deflections should be adjusted to
achieve more docile handling qualities, particularly regarding elevator
deflection. Adjusting the elevator deflection gains may prevent any over
controlling of the aircraft and reduce the pitch sensitiveness noted during
landing and slow flight.
cross-wind.

Yawing tendencies were noticed while turning

A majority of the flight was performed around a half power

setting. The aircraft has sufficient power for hand launch procedures and
payload carrying capability. A potential cause for the lag in power during
the launch procedure is fuel draw. At launch, the fuel may have been
forced back out away from the carburetor, out of the fuel line, and back
into the fuel tank. A possible solution may be to mount an oscillating fuel
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pump near the engine to draw the fuel from the tank on every stroke of
the engine.

CHAPTER VII
CONCLUSION AND FUTURE WORK
The keel beam type UAV is a viable configuration for MAV to
conduct ISR and other missions. The modular architecture makes for an
easily configurable UAV that can satisfy virtually any mission. Modular
architecture will allow the soldier to precisely attach sensors to the
fuselage and eliminate the “guess work” on where to place the sensors to
satisfy center of gravity requirements. Multiple sensors can be installed
on the fuselage for any given mission.
The keel beam is easy to manufacture. The composite materials can
be laid up and cured in a day. The shape of the fuselage can be cut with a
CNC machine in minutes. The entire airframe can be assembled in less
than one man-week.
The air vehicle was very stable during the flight test. The flight test
proved that the keel beam configuration is a good platform for I SR
missions.
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In the future the UAV should be manufactured using a thicker core
add more stiffness to the keel beam and provide additional material for the
hole for the sensors.

A different method for manufacturing the wing

should be addressed. Going to a thin-shelled wing with a tubular spar
will reduce the weight of the wings and provide space for fuel instead of
mounting a fuel tank on the side of the air vehicle. Placing the fuel in the
wings will reduce the overall drag and possibly increase the endurance
depending on the fuel capacity of the wing tanks.
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APPENDIX A
TABLES AND FIGURES
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Figure 2.1 Curtis-Sperry Aerial Torpedo

Figure 2.2 Kettering Bug
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Figure 2.3 Radioplane RP-4

Figure 2.4 Ryan BQM-34A

Figure 2.5 ADM-20A Quail
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Figure 2.6 Aerovironment FQM-151 Pointer

Figure 2.7 Aerovironment RQ-11 Raven
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Figure 2.8 Aerovironment Dragon Eye

Figure 2.9 BAI Aerosystems Javelin

Figure 2.10 Lockheed Martin Desert Hawk
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Figure 3.1 RQ-7 Shadow UAV

Sensor 3
Sensor 1

Sensor 2

Figure 3.2 Multiple Sensors on Keel Beam UAV
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Table 1.1
Drag Comparison of Different Fuselage Types
Item

CDO

Enclosed Fuselage

0.00933

Keel Beam

0.008258

Keel Beam with Sensors

0.01983

Table 4.1
Design Requirement from MISET
Speed
Endurance
Combat Radius
Altitude
Weight
Payload Weight

At least 40 mph
30 minutes to 1 hour
5 statute miles
300 to 1500 feet
4 to 6 pounds
1 to 2 pounds

Table 4.2
Design Constraints
Gross Weight
Altitude
Cruise Speed

8 pounds
500 feet
45 mph
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Figure 4.1 Conceptual Keel Fuselage of UAV

Table 4.3
Wing Geometry
Wing Area, S

3.39 square feet

Wing Span, b
Wing Loading, W/S
Aspect Ratio, AR
Root Chord, cr
Tip Chord, ct
Mean Aerodynamic Chord, cbar
Taper Ratio, λ
Wing Sweep at Quarter Chord, Λ,
c/4

4.12 feet
2.3584 lb/ft2
5
9.88 inches
9.88 inches
9.88 inches
1.0
0 degree
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Figure 4.2 Aerodynamic Data of SA 7036-TE-mod Airfoil
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Figure 4.3 Aerodynamic Characteristics of NACA 64-010-TE

Table 4.4
Horizontal Tail Geometry
Tail Area, Sh

0.75 square feet

Tail Span, bh
Aspect Ratio, ARh
Root Chord, crh
Tip Chord, cth
Mean Aerodynamic Chord, cbarh
Taper Ratio, λ�
Tail Sweep at Quarter Chord, Λ,
c/4

1.62 feet
3.482
5.58 inches
5.58 inches
5.58 inches
1.0
0 degree
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Table 4.5
Vertical Tail Geometry
Vertical Tail Area, Sv

0.439 square feet

Vertical Tail Span, bv
Aspect Ratio, ARv
Root Chord, crv
Tip Chord, ctv
Mean Aerodynamic Chord, cbarv
Taper Ratio, λv
Tail Sweep at Quarter Chord, Λ,
c/4

0.756 feet
1.302
9.867 inches
4.062 inches
7.368 inches
0.4116
25.652 degrees

Drag Polar of UAV
3
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D ( v)
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Figure 4.4 Drag Polar of UAV
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0.6

Power Polar of UAV
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Figure 4.5 Power Polar of UAV

Figure 5.1 Keel Beam Fuselage of UAV

60

70

80

39

Figure 5.2 Wing of UAV

Figure 5.3 Complete UAV
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Figure 5.4 Port Side of UAV

Figure 5.5 Starboard Side of UAV
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Figure 5.6 Another View of UAV

Figure 5.7 Operator Holding UAV in Launch Mode
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Figure 6.1 Operator Hand Launching UAV

Figure 6.2 UAV Hand Launched
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Figure 6.3 UAV in Flight

Figure 6.4 In-Flight Shot of UAV
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Figure 6.5 Landing Approach

APPENDIX B
MATHCAD DESIGN SHEET OF UAV
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Third Iteration

Preliminary Design of the Guardian Angel UAV
Preliminary Sizing

Weight Constraint

Design wing for CLmax of given airfoil. CLmax = 1.5387.
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Wing Span
Since AR=b^2/S, then

Horizontal Tail Sizing
From Table 11.4, The Design of the Airplane, Stinton, p.407
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Typical value for horizontal tail volume

From Table 11.4, The Design of the Airplane, Stinton, p.407
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Vertical Tail Sizing
From Table 11.4, The Design of the Airplane, Stinton, p.407

From Table 11.4, The Design of the Airplane, Stinton, p.407

Vertical Tail Volume
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Fuselage Length
From Aircraft Design: A Conceptual Approach, Raymer, the fuselage length is 1.6667 times the tail
length

Guardian Angel Aerodyanmics

Wing Airfoil: SA7036-TE-mod-CRW
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HT Airfoil: NACA 64-010-TE
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VT Airfoil: Flat Plate

Drag Buildup
Wing
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Horizontal Tail

Vertical Tail
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Fuselage Drag

Total Airplane Zero-Lift Drag

Guardian Angel Performance
Power Required
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Wing Lift

Horizontal Tail Lift
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Vertical Tail Lift
Stability Analysis

Fuselage Contribution
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Wing - Fuselage Contribution
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Tail Contribution

61

Longitudinal Static Stability

Directional Stability
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Lateral Stability

63

